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REVERSE GEOCODING

BACKGROUND

Conventional reverse geocoding typically can involve analyzing a street network
model in order to associate a latitude and longitude coordinate of a mobile device (e.g., a
mobile telephone, a personal digital assistant, a wrist watch, an offender ankle bracelet or
other suitable device) with the nearest road segment. Nearby road segments are
commonly returned in the form of a human recognizable address. Because of factors
such as poor signal coverage, limited exposure to open skies for satellite reads, and the
amount of movement of a mobile device, there may be an unacceptable level of
uncertainty (i.c., error tolerance) associated with the mobile device’s coordinate. For
example, a parent using a “child finder” application may be told by the application that
their child is at a specific address when in reality there is a +/- 800 yard inaccuracy
associated with the original coordinate information used in the reverse geocoding process.

Typical cellular network operators can use various approaches for determining the
location of a mobile device, depending on the information that is available. One high
accuracy approach actives a Global Positioning System (GPS) receiver in the mobile
device in order to develop a reasonably precise location of the mobile device at a point in
time. Another approach with low accuracy maps the cellular tower that a mobile device
is using (e.g., based on signal strength) to a geographic region. An intermediate approach
uses one or more last known GPS location(s) to determine a location of the mobile device
based on an estimated trajectory.

FIG. lais a flow diagram describing obtaining and providing location information
in the prior art. A location source (e.g., a network operator, a web service or other
suitable source of location information) receives a request for the location of a mobile
device (step 101). For example, the location source can be accessed using the Open
Mobility Alliance (OMA) Mobile Location Protocol (MLP). The MLP allows systems to
interact with location sources to receive location information as Extensible Markup
Language (XML) over Hypertext Transport Protocol (HTTP).

Location information is determined as described above (step 103) and a
determination is made as to the accuracy of the location information (step 105). The

location information is then provided to the requestor (step 107). The location
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information can incorporate a shape that defines a geographic area where the mobile
device might be located.

For example, FIG. 1b shows a map 100 indicating the location of a cellular
telephone tower 102 and the actual location of a mobile device 104. The mobile device
can be located by a cellular telephone network using, for example, approaches as
described above. If the mobile device’s location is exactly known or is known with a
high degree of accuracy, it can provided to a requestor as a definite address. For

example:

111 Mclnnis Pkwy
San Rafael, CA 94903

However, if the location of the mobile device cannot be accurately determined,
e.g., the mobile device’s location is somewhere within a two mile radius (i.c., a shape)
surrounding the cellular tower 102, the location information provided to the requestor in
step 107 is vague. For example, the location information might be the nearest street
address to the wireless network cellular tower 102 serving the mobile device at the time

of the location request:

[700-900] Las Gallinas Ave.
San Rafael, CA 94903

But this location is about one mile across town from the building where the
mobile device is actually located (104). Given the fact that a significant and recognizable
landmark (i.e., shopping mall 106) is within the shape, a more relevant location could

have been provided such as, “Within 3 miles of Northgate Mall, San Rafael, CA.”

SUMMARY
In one general aspect, the techniques feature obtaining location information from a
location source. A geographic reference point is determined based on accuracy of the
location information. The geographic reference point is incorporated into a location
result.
The invention can be implemented to include one or more of the following
advantageous features. The location information incorporates a shape corresponding to a

geographic area. The shape is associated with a location specifying a geographic position
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within the shape. The geographic reference point is in proximity to or enclosing the
location. The geographic reference point is one of a civic address, a road intersection or a
point of interest. Determining the geographic reference point includes determining the
proximity of the location to a road segment. The location result includes an indication of
distance between the geographic reference point and the location. The location is the
center of the area. The point of interest is a landmark, a shopping center, a business
establishment, a park, a sports facility, a wilderness area, a recreational area, or a
geographic area. The accuracy is inversely proportional to a size of the shape.

In another general aspect, the techniques feature obtaining location information
from a location source. The location information incorporates a shape corresponding to a
geographic area. The shape is associated with a location specifying a geographic position
within the shape. A location result is selected from a plurality of location results based on
a size of the shape and proximity of the location to a geographic reference point. The
geographic reference point being one of a civic address, a road intersection or a point of
interest.

The invention can be implemented to include one or more of the following
advantageous features. The geographic reference point is incorporated into the location
result. The geographic reference point is a civic address or a point of interest if the size is
beneath a first threshold. The geographic reference point is a road intersection if the size
is beneath a second threshold, the second threshold being greater than the first threshold.
The geographic reference point is a civic address if the proximity is beneath a first
threshold. The geographic reference point is a road intersection if the proximity is
beneath a second threshold, the second threshold being greater than the first threshold.
The geographic reference point is a point of interest if the proximity is greater than the
second threshold. Incorporating an indication of distance between the geographic
reference point and the location into the location result.

Particular embodiments of the invention can be implemented to realize one or
more of the following advantages. Location information incorporates accuracy
information. Location information can be made more relevant to users by associating a
geographic reference point with a location. Location results can be presented to users in
graphical user interfaces, text-to-speech interfaces, plain text and short message service.
Location results can be incorporated into devices such as navigation systems. Prominent
intersections and points of interest can be used as reference points. A location result can

incorporate a distance from a geographic reference point. Location results can be selected
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by scoring alternatives based on the accuracy of location information and proximity to
road segments. The location result can be selected by scoring alternatives based on the
accuracy of location information, proximity to a road segment, and proximity to a point of
interest.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, aspects, and
advantages of the invention will become apparent from the description, the drawings, and

the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. lais a flow diagram describing obtaining and providing location information
in the prior art.

FIG. 1b shows a map indicating the location of a cellular telephone tower and the
actual location of a mobile device.

FIG. 2 shows a map including a road network and high accuracy location shapes.

FIG. 3 shows a map including a road network and medium accuracy location
shapes.

FIG. 4 shows a map including a road network and low accuracy location shapes.

FIG. 5. is an illustration of a graphical user interface incorporating a location
result.

FIG. 6 is a diagram of a system for providing location results.

FIG. 7 is a flow diagram describing location result creation.

FIG. 8 is another flow diagram describing location result creation.

Like reference numbers and designations in the various drawings indicate like

elements.

DETAILED DESCRIPTION
Location information from a location source incorporates a shape (e.g., a circle, an
ellipsis, a polygon, unions of these, or other suitable shapes) and, optionally, a location.
A shape defines a geographic area in which a mobile device is thought to be located. The
location can represent a best guess as to a geographic position in the shape where the
mobile device might be located. The smaller the area or size of the shape, the higher the
degree of accuracy of the location information. For example, if the shape’s area is very

small (or non existent), the location may correspond to the true location of the mobile
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device. In one implementation, the location corresponds to the center of the shape. In

another implementation, the location information incorporates a shape but not a location.

RULE | LOCATION | RESULT ACCURAC | ROAD SCORE IMPACT
RESULT TO Y SEGMENT
DISPLAY PROXIMIT
Y
R1 At specific Civic High very close Increases as the
location address location’s
proximity to a road
segment increases.
R2 Within (Prominent) | Medium to medium Increases if the
distance of | intersection | Low range intersection is
intersection within the shape
and close to the
location.
R3 At POI Enclosing | High, far The smaller the
arca POI medium or shape’s area, the
low higher the score.
R4 Within Closest Low N/A Increases if the
distance of | (prominent) POI is within the
POI POI shape and close to
the location.
TABLE 1

Rules or heuristics can be used to guide determination of a location result based

on the location information and one or more additional factors such as the proximity of

the location to a geographic reference point such as a road segment, an intersection or a

point of interest. (Road segments in a street network model and points of interest can be

maintained in one or more databases or other persistent storage and accessed as needed.)

For example, a scoring scheme as shown in TABLE 1 can be used to determine the

format of a location result, although other schemes and location results are possible. The

rule in TABLE 1 yielding the highest score as determined by the rule’s score impact will
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determine which location result is selected. Examples of location results are provided in
TABLE 2.

Rules can be triggered based on whether the accuracy of the location information
is characterized as either high, medium or low. For example, each accuracy level can
require the area of the shape to be beneath a certain threshold. A high accuracy level
would require the area to be less than or equal to a value N and the medium accuracy
level would require the area to be less than or equal to a value M, where N <M. If the
area is not less than or equal to M, the accuracy level would be considered low. Fewer or
more accuracy levels are possible, as well as other schemes for determining accuracy
levels.

Rules can also be triggered based on whether the proximity of a location to a road
segment is considered either very close, medium range, or far. For example, each
proximity level can require the distance between the location and the road segment to be
beneath a certain threshold. For example, a proximity of “very close” would be a shorter
distance than “medium range,” and “medium range” would be a short distance than “far.”
Fewer or more proximity levels are possible.

If the accuracy of the location information is high and the location is very close to
a road segment, rule R1 applies. Rule R1’s score increases as the location’s proximity to
a road segment increases. If the location is very close to more than one road segment, the
road segment yielding the highest score can be used in the location result.

If the accuracy of the location information is medium to low, and the location’s
proximity to a road segment is medium range, then rule R2 applies. Rule R2’s score
increases as the location increases in proximity to an intersection, and further increases if
the intersection is within the shape. If the intersection is considered prominent (e.g.,
based on size of intersection, traffic flow, historical information, or other suitable
information), the score can be yet further increased. If the location is in a medium range
distance from more than one intersection, the intersection yielding the highest score can
be used in the location result.

If the location is within a point of interest (POI) and is far from a road segment,
rule R3 applies. A POI can be (without limitation) a landmark, a shopping center, a
business establishment, a park, a sports facility, a wilderness area, a recreational area, or a
geographic area. Rule R3’s score increases as the area of the shape decreases. If the
location is far from more than one POI, the POI yielding the highest score can be used in

the location result. If the POI is considered prominent (e.g., based on size of POI, traffic
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flow in proximity to the POI, historical information, or other suitable information), the

score can be yet further increased. If the location is in a medium range distance from

more than one intersection, the intersection yielding the highest score can be used in the

location result.

Finally, if the accuracy of the location information is considered low rule R4

applies by default. Rule R4’s score increases if a POl is within the shape and close to the

location. The score is further increased if the POI is considered prominent. Again, if

there is more than one POI the POI with the highest score can be selected for the location

result.

TABLE 1 presents four exemplary rules however fewer rules and more rules are

possible. Furthermore, a given location result can be used for more than one rule.

LOCATION RESULT

RESULT TO
DISPLAY

EXAMPLE OF LOCATION
RESULT

At specific location

Civic address

“At 323 Cole Street, San Francisco,
CA”

Within distance of (Prominent) “Within 1.3 kilometers of Cole St.
intersection intersection and Carl St.”

At POI Enclosing arca POI “At Davies Medical Center”
Within distance of Closest (prominent) “Within 3 miles of Deboce Park”
POI POI

TABLE 2

FIG. 2 shows a map 200 including a road network and high accuracy location

shapes 206, 208 and 210. Shapes are depicted by dashed lines. For purposes of

illustration, the location is assumed to be at the center of a shape for FIGS. 2-4. Shapes

206 and 208 lic on a road segment (Main St.), hence the location result of rule R1 would

be selected. The location result of rule R3 applies to shape 210 since the shape 210 is

located at a POI 204.

FIG. 3 shows a map including a road network and medium accuracy location

shapes 302 and 304. Since these are medium accuracy shapes, rules R2 and R3

potentially apply. Shape 304 encloses an intersection (Main St. and Baker Rd.), but is

some distance from the POI 204. In this circumstance, the location result of rule R2
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would could most likely be selected. Shape 302 partially encloses POI 204 but is also
surrounded by Embarcadero Rd., Noe St., intersection 308 and, farther away, a POI 202.
If the proximity of the location associated with shape 302 to the intersection 308 is
considered medium range, for example, rule R2 would be selected over rule R3.
However, if the location associated with shape 302 is far from a road segment, then R3
would be selected and POI 204 would be the point of reference used in the location result,
since the location is closer to POI 204 than POI 202.

FIG. 4 shows a map including a road network and low accuracy location shapes
402 404, and 406. Shape 402 partially encloses POI 204 and is surrounded by
Embarcadero Rd., Noe St., intersection 308 and POI 202. Assuming the location
associated with shape 402 is not considered to be far from these roads, rule R2 would
apply. Otherwise, rule R3 would apply. Rule R4 can apply by default since the accuracy
is low.

Shape 404 is surrounded by POIs 204 and 202, and overlaps with Embarcadero
Rd. and Noe St. If the location associated with shape 404 is a medium range distance
from the intersection 308, then rule R2 would apply. R3 does not apply since there is no
enclosing POI. Again, rule R4 applies by default.

Shape 406 encloses two road segments, Main St. and Baker Rd., which could be
considered a medium range or far distance from the location with shape 406, depending
on how proximities are defined. If the location is considered to be a medium range
distance from a road segment, rule R2 would apply and the location result would include
intersection 408. Since there is not an enclosing POI, rule R3 does not apply. Rule R4
would apply by default and have a score dependent on the proximity of the location to the
nearest POI (204).

FIG. 5. is an illustration of a graphical user interface (GUI) 500 incorporating a
location result. The user interface 500 shows a map including a road network and POI
508 (Highland Park). The GUI 500 can be provided on a display device coupled to a
personal computer, a portable computer, a personal or automobile navigation system, or a
mobile device, for example. In one implementation, GUI is incorporated into an
application that allows users to locate mobile devices (and their users), such as a child
finder application. Other users interfaces are possible including, without limitation, plain
text and short message service (SMS).

In response to a request to present the location of a mobile device (or a person

associated with the mobile device), location information is obtained and rules are applied
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as discussed above to select an appropriate location result to display. Once the location
result is selected, it is presented in the GUI 500, such as in call-out window 502.
Additionally, the shape 504 can also be displayed, as well as the location 506 (if any).
(Based on the format of the location result displayed 502, rule R4 would have been
selected.) In this way, users can visually ascertain where a mobile device is located.

In another implementation, the GUI 500 need only display the location result
without the accompanying map and shape. In yet a further embodiment, the location
result is provided as speech rather than graphically.

FIG. 6 is a diagram of a system 600 for providing location results. A location
source 608 provides location information to a ranker component 612. The ranker
component utilizes rules as described above to determine scores for all possible location
results applicable to the location information (i.e., based on the accuracy of the location
and, in some cases, the proximity to a nearby road), as described above. The ranker
component 612 can utilize a point of interest map database 602 containing points of
interest for different geographic regions, a street network model database 604 containing
road segments for different geographic regions, and a rules database 606 containing rules,
as described above, or receive such data. In one implementation, the ranker component
612 can perform a point and polygon search of a location shape as overlaid on a portion
of the network model or point of interest map to determine the proximity of a location to
nearby roads and POls.

From the ranked results a location result is selected by a location result selector
component 614. The result selector 614 incorporates location information into the
location result as shown in TABLE 2 above and, optionally, provides the location result
to a client process 616. The client process could be a process executing on a personal
computer connected to the Internet, a mobile device, or a personal or automobile
navigation system or other device.

The system 600 may be implemented with more or fewer components. Moreover,
components may be distributed on two or more computing devices. In one
implementation, the location result selector 614 and the ranker component 612 can form a
middleware component 610 whose services can be provided on, for example, a server
system. All components, including the client 616, the location service 608, and the
databases 602, 604 and 606 can communicate with each other through one or more wired

or wireless public or private networks, such as the Internet.
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FIG. 7 is a flow diagram describing location result creation. Location information
is obtained from a location source (e.g., 608; step 702). The location information
incorporates a shape corresponding to a geographic area. The shape is associated with a
location specifying a geographic position within the shape. A geographic reference point
in proximity to or enclosing the location is determined based on accuracy of the location
information (e.g., 612; step 704). In one implementation, the geographic reference point
is one of a civic address, a road intersection or a point of interest. The geographic
reference point is incorporated into a location result (e.g., 614; step 706).

FIG. 8 is another flow diagram describing location result creation. Location
information is obtained from a location source (¢.g., 608; step 802). The location
information incorporates a shape corresponding to a geographic area. The shape is
associated with a location specifying a geographic position within the shape. A location
result is selected from a plurality of location results based on a size of the shape and
proximity of the location to a geographic reference point, the geographic reference point
being one of a civic address, a road intersection or a point of interest (e.g., 614; step 804).

Embodiments of the invention and all of the functional operations described in
this specification can be implemented in digital electronic circuitry, or in computer
software, firmware, or hardware, including the structures disclosed in this specification
and their structural equivalents, or in combinations of them. Embodiments of the
invention can be implemented as one or more computer program products, i.¢., one or
more modules of computer program instructions encoded on a computer-readable
medium for execution by, or to control the operation of, data processing apparatus. The
computer-readable medium can be a machine-readable device, e.g., a machine-readable
storage device, storage medium, or memory device, or multiple ones of them; or it can be
a tangible machine-readable propagated signal. The term “data processing apparatus”
encompasses all apparatus, devices, and machines for processing data, including by way
of example a programmable processor, a computer, or multiple processors or computers.
The apparatus can include, in addition to hardware, code that creates an execution
environment for the computer program in question, ¢.g., code that constitutes processor
firmware, a protocol stack, a database management system, an operating system, or a
combination of them. A propagated signal is an artificially generated signal, e.g., a
machine-generated electrical, optical, or electromagnetic signal, that is generated to

encode information for transmission to suitable receiver apparatus.

10
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A computer program (also known as a program, software, software application,
script, or code) can be written in any form of programming language, including compiled
or interpreted languages, and it can be deployed in any form, including as a stand-alone
program or as a module, component, subroutine, or other unit suitable for use in a
computing environment. A computer program does not necessarily correspond to a file in
a file system. A program can be stored in a portion of a file that holds other programs or
data (e.g., one or more scripts stored in a markup language document), in a single file
dedicated to the program in question, or in multiple coordinated files (e.g., files that store
one or more modules, sub-programs, or portions of code). A computer program can be
deployed to be executed on one computer or on multiple computers that are located at one
site or distributed across multiple sites and interconnected by a communication network.

The processes and logic flows described in this specification can be performed by
one or more programmable processors executing one or more computer programs to
perform functions by operating on input data and generating output. The processes and
logic flows can also be performed by, and apparatus can also be implemented as, special
purpose logic circuitry, e.g., an FPGA (field programmable gate array) or an ASIC
(application-specific integrated circuit).

Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a processor will receive
instructions and data from a read-only memory or a random access memory or both. The
essential elements of a computer are a processor for executing instructions and one or
more memory devices for storing instructions and data. Generally, a computer will also
include, or be operatively coupled to receive data from or transfer data to, or both, one or
more mass storage devices for storing data, e.g., magnetic, magneto-optical disks, or
optical disks. However, a computer need not have such devices. Moreover, a computer
can be embedded in another device, ¢.g., a mobile telephone, a personal digital assistant
(PDA), a mobile audio player, a Global Positioning System (GPS) receiver, to name just a
few. Information carriers suitable for storing computer program instructions and data
include all forms of non-volatile memory, including by way of example semiconductor
memory devices, ¢.g., EPROM, EEPROM, and flash memory devices; magnetic disks,
e.g., internal hard disks or removable disks; magneto-optical disks; and CD-ROM and
DVD-ROM disks. The processor and the memory can be supplemented by, or

incorporated in, special purpose logic circuitry.

11
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To provide for interaction with a user, embodiments of the invention can be
implemented on a computer having a display device, e.g., a CRT (cathode ray tube) or
LCD (liquid crystal display) monitor, for displaying information to the user and a
keyboard and a pointing device, ¢.g., a mouse or a trackball, by which the user can
provide input to the computer. Other kinds of devices can be used to provide for
interaction with a user as well; for example, feedback provided to the user can be any
form of sensory feedback, e.g., visual feedback, auditory feedback, or tactile feedback;
and input from the user can be received in any form, including acoustic, speech, or tactile
input.

Embodiments of the invention can be implemented in a computing system that
includes a back-end component, ¢.g., as a data server, or that includes a middleware
component, €.g., an application server, or that includes a front-end component, ¢.g., a
client computer having a graphical user interface or a Web browser through which a user
can interact with an implementation of the invention, or any combination of such
back-end, middleware, or front-end components. The components of the system can be
interconnected by any form or medium of digital data communication, ¢.g., a
communication network. Examples of communication networks include a local area
network (“LAN”) and a wide area network (“WAN?”), ¢.g., the Internet.

The computing system can include clients and servers. A client and server are
generally remote from each other and typically interact through a communication
network. The relationship of client and server arises by virtue of computer programs
running on the respective computers and having a client-server relationship to each other.

Particular embodiments of the invention have been described. Other
embodiments are within the scope of the following claims. For example, the actions
recited in the claims can be performed in a different order and still achieve desirable
results.

What 1s claimed is:

12
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CLAIMS

1. A computer implemented method, comprising:

obtaining location information from a location source;

determining a geographic reference point based on accuracy of the location
information; and

incorporating the geographic reference point into a location result.

2. The computer implemented method of claim 1, where:
the location information incorporates a shape corresponding to a geographic area,

the shape associated with a location specifying a geographic position within the shape.

3. The computer implemented method of claim 1, where:

the geographic reference point is in proximity to or enclosing the location.

4. The computer implemented method of claim 1, where:
the geographic reference point is one of a civic address, a road intersection or a

point of interest.

5. The computer implemented method of claim 2, further comprising:
determining the geographic reference point includes determining the proximity of

the location to a road segment.

6. The computer implemented method of claim 2, where:
the location result includes an indication of distance between the geographic

reference point and the location.

7. The computer implemented method of claim 2, where:

the location is the center of the area.

8. The computer implemented method of claim 4, where:
the point of interest is a landmark, a shopping center, a business establishment, a

park, a sports facility, a wilderness area, a recreational area, or a geographic area.

9. The computer implemented method of claim 2, where:

the accuracy is inversely proportional to a size of the shape.

13
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10. A computer implemented method, comprising:

obtaining location information from a location source, the location information
incorporating a shape corresponding to a geographic area, the shape associated with a
location specifying a geographic position within the shape; and

selecting a location result from a plurality of location results based on a size of the
shape and proximity of the location to a geographic reference point, the geographic

reference point being one of a civic address, a road intersection or a point of interest.

11. The computer implemented method of claim 10, where:

incorporating the geographic reference point into the location result.

12. The computer implemented method of claim 10 where:
the geographic reference point is a civic address or a point of interest if the size is

beneath a first threshold.

13. The computer implemented method of claim 12, where:
the geographic reference point is a road intersection if the size is beneath a second

threshold, the second threshold being greater than the first threshold.

14. The computer implemented method of claim 10, where:

the geographic reference point is a civic address if the proximity is beneath a first
threshold.

15. The computer implemented method of claim 14, where:
the geographic reference point is a road intersection if the proximity is beneath a

second threshold, the second threshold being greater than the first threshold.

16. The computer implemented method of claim 15, where:
the geographic reference point is a point of interest if the proximity is greater than

the second threshold.

17. The computer implemented method of claim 10, further comprising:
incorporating an indication of distance between the geographic reference point

and the location into the location result.

14



10

15

WO 2007/095472 PCT/US2007/061945

18. A computer program product, encoded on an information carrier, comprising
instructions operable to cause a data processing apparatus to perform:

obtaining location information from a location source;

determining a geographic reference point based on accuracy of the location
information; and

incorporating the geographic reference point into a location result.

19. The computer program product of claim 18, where:
the location information incorporates a shape corresponding to a geographic area,

the shape associated with a location specifying a geographic position within the shape.

20. A computer program product, encoded on an information carrier, comprising
instructions operable to cause a data processing apparatus to perform:

obtaining location information from a location source, the location information
incorporating a shape corresponding to a geographic area, the shape associated with a
location specifying a geographic position within the shape; and

selecting a location result from a plurality of location results based on a size of the
shape and proximity of the location to a geographic reference point, the geographic

reference point being one of a civic address, a road intersection or a point of interest.

15
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